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B B e A e H H e 

YcrrenJHoe pemeHHe rrpo6neMbi CHHTeaa TpaHcypaHOBbtX sneMeHTOB 

H HCCneAOB8HHe HAepHbiX peaKUH~, IlpOH3BOAHMbiX TSJ>t<eni>tMH HOH8MH, pa3-

BHTHe TOHKOIIneHoqHO~ H rronyiipOBOAHHKDBO~ TexHonorHH, He06XDDHMOCTb 

rronyqeHHSI CBepXqHCTbiX MaTepHanOB H pRn ApyrHX HnyqHo-TeXHHqeCKHX 

38Aaq o6ycnaBnHB810T HerrpepbiBHO B03paCT810lUH~ HHTepec K HCTQqHHK8M 

HOHOB, pa6oqee BerueCTBO KOTOphlX H8XOAHTCSI B TBepno~ ~a3e. 

nnH rronyqeHHSI BhlCOKDfi CTeiieHH HOHH38UHH BerueCTBO B TOKHX HC

TOqHHK8X B eAHHHUY pa3pHAHOrD 06beMa He06XOAHMO BKnaDWB8Tb AOCTBToq-

6 ( 
.. 6 Ill 

HD OnblliHe MDWHOCTH cornaCHO OUeHKe, cnenaHHOU HB OCHOBOHHH pa OThl 0 

3 
He MeHee 100 BTl CM ) • HaH6onee nepcrreKTHBHblM npH 9TOM, HA H81li B3rnHA, 

HBnHeTCSI HCIIOnb30B8HHe HGC8MDCTOSITGnbHidX pa~pHDOB B MOrHHTHOM none 

C llDABOAOM SHeprHH OT nyqKa sneKTpOHOB. nnH 9THX Uenei! B H8CTOS!Wee 
., u 12,31 

BpeMSI HCI10nb3yeTCSI gyroBDJ: OTpa>KaTenbHbJH pa3pSIA • 

HaMH pa3pa60T8H HCTOqHHK HOHOB TBepDbiX BeUieCTB H8 OCHOBe rrnaa-
141 

MeHHo-nyqKoBoro paapHAa R MarHHTHOM none • HcToqHHK sneKTpOHOB 

BI>tHeCeH Jl3 pa3pSIAHO~ KaMepbl H BbinDnHeH B B11Ae aneKTpDHHOH IIylliKH. 

Pa6oqee BemecTBO AaeTCH B pa3pHD nyTeM HcnapeHHH sneKTpDHHbiM rryq

KDM MaTepHana KonneKTopa sneKTpoHoB. B KaqecTBe pa6oqero BewecTBa 

MO>KeT 6biTb HCIIDnb30BRH npaKTH'leCKH nJ060i! MaTepHan: 11pOBOAHHK 0 IIOny-

IIpDBOAHHK H DIISneKTplfK B WllpOKOM llH1'•-'J.lBBne TeMIIepaTyp rrnaBneHHSio 
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KoHcTpyKUHB HCTOqHHKa 

B BepxHeM ll!TOKe HCTOqHHKa ( pHc. 1) paaMell!eHa sneKTpoHHaB rrylli

Ka (1-3). HHTb (1) cny*HT HCToqHHKOM sneKTpoHoB anB rroaorpeBa sneKT

poHHoll: 6oM6apaHpOBKOH KaToaa (2) - rrnocKoro 9MHTTepa H3 reKca6opHaa 

naHTaHa. AHoaHaB aHa~parMa (3) H3 MonH6aeua aaKperrnBeTcB Ha Boao

oxna*aaeMoM aep*aTene. DpeaycMoTpeHa B03MO*HOCTb perynHpoBKH pac

CTOBHHB KBTOa-aHOa npH C60pKe, 3neKTpOHH8B nyll!K8 HH*9KTHpyeT B p83-
2 

pS!aHyiO KaMepy ( 4) C KBHanOM ( 7) KBaapaTHOrO CeqeHHB 8x8 MM H Bbi-

COTOlt 150 MM rryqOK sneKTpOHOB aHaMeTpOM 5 MM, KOTOpb!lt npHHHM89TCB 

Ha KonneKTop (5). KonneKTop sneKTpOHOB KpenHTCB aa Boaooxna*aaeMoM 

aep*aTene ( 6) H p83M9lll89TCB H8 paCCTOBHHH - 30 MM OT 9MHCCHOHHOlt 

menH (8) paaMepoM 1x15 MM, Pa6oqee Be~ecTBo (9) aarpy*aeTcB B yrny-

6neHHe B KonneKTOpe; nH60 KOnneKTop uenHKOM H3rOTOBnB9TCB H3 pa6oqe

ro Be!lleCTBa, lliTOKH H p83pBaHaB KaMepa TBK*e HMeiOT BOaBHOe oxna*ae

HHe (Ha pHCYHKe He noKaaaHo), McToqHHK HOHOB noMemaeTCB B OaHopoaHoe 
/5/ 

MarHHTHoe none B sneKTpoMarHHTa HCnbiTaTenbHoro cTeHaa • MaBne-

qeHHbie H3 pa3pBaa H ycKopeHHbie HOHbl paaaenBIOTCB no OTHOllleHHIO MBCCbl 
0 

K aapBay A/ Z npH noBopoTe Ha 180 B MarHHTHOM none. YcKopBIO!Ilee -. H8IIpH*eHHe 10~15 KB, TOKH paanHqHbiX HOHOB npHHHM8IOTCB Ha perHCTpa-

Top, nepeMe!llBIO!IlHii:CB BADnb ~OKBnbHOlt nnOCKDCTH H aanHCbJBaiOTCB Ha 
-6 

neHTY caMonHcua. DpeaenhHbilt BaKyyM ycTaHoBKH P =5.10 Topp. 

3KcnepHMeHT8DbHbie peaynbTaTbl 

B nepeoM UHKne uaMepeHHfi onpeaenBnHcb ycnoBHH aa*HraHHH paapB

aa. B sKcnepuMeHTe aHoA sneKTpOHHoll: nyll!KH H cTeHKH paapBAHOil: KaMepbi 

6wnu 3a3eMneHw, XapaKTepawe aaBHCHMOCTH TOKa Ha KonneKTOp I 
KOn 

H BhlTSirHB89MOrO qepe3 9MHCCHOHH09 OTBepCTHe CyMMapHOrO HDHHOrO 

TOKB I I I DT MO!UHOCTH sneKTpOHHoro rryqKa "\ =I k X vk 

4 
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PHc. 1. KoHCTpyKUHB HcToq;mKa: 1 - HHTb, 2 - KBTOA (La B 
3 - aHOAt 4 - pa3pBAHaB KaMepa, 5 - KOnneKTOp 9DeKTpOHC 
*aTenb KOnneKTOpa, 7 - pa3pBAHbllt KaHan, 8 - 9MHCCHOHHOI 

9 - pa6oqee BemecTBO. 

5 



[ill 
~ 

L<lQ/10""¥' 

8 

1.. 

~ 

..li. 

~ 

~ 

.L 

PHc. 1. KoHcTpyKUHH RCTO'IHRKa: 1 - HRTb1 2 - KBTOil (La 8 6 ) , 

3 - SHOll, 4 - pa3pS!IlH8SI KaMepa, 5 - KOnneKTOp aneKTpOHOB 1 6 - nep

)1{8T9nb KonneKTOpa, 7 - pa3pS!IlHb!il: KaHan, 8 - 9MHCCHOHH09 OTB9pCTH9 1 

9 - pa6o'lee semecTBD. 
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Pnc, 2, 3aBHCHMOCTH TOK8 H8 KonneKTOp H BbiTS!HyToro HOHHOrO TOK8 

OT MOlllHOCTii aneKTpOHHoro nyqxa. o - I , x - I ~ 1 pa6oqee 
Kon I"'-

BeuteCTBO - BOnb~paM 1 B = 4 xrc 1 V = 0 B, 
KOn 
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I k - TOK c KaToaa 1 V k - aanpSI*eHHe KaToJl-8HOJl) no1 

pnc. 2. Ha npHaeaeHHhiX KpHBbiX xapaKTepHbi aaa aaaqeHHSl 

flepaoe 1 W ~ "' 2 KBT1 COOTBeTCTByeT pe3KOMy yBenH'IeHHI 

B KaMepe H naanexaeMoro HOHHoro Toxa I 1I 1 'ITO cann 

o 38)1{HraHHH paapS!Jla B napax pa6o11ero aemecTBa, BTopoe 

3H8'1eHHe MOUlHOCTH W ~,"' 2,6 KBT COOTBeTCTByeT nepexo, 

rae fiOTOK HOHOB H8 KOnneKTOp cymeCTBeHHO 6onhwe fiOTOK 

0JlH8KO ny'IOK aneKTpOHOB, KOTOpbiA JlOCTHraeT KonneKTOpa 

aHa'IHTenbHOe ncnapeane pa6oqero aemecTBa, conpoRo)l{na~ 

HHeM HS:sneKaeMoro HOHHOrO TOK8, MOWHOCTH \\' > 3 KB' 
k "' 

pa6oqero aemecTaa cooTaeTcTaoaan cxaqxoo6pa3HbiA nepex 

B JlyrOBOH. 

0CHOBHOe BHHM8HHe B H8WHX OfibiT8X ynenSinOCb nony• 

TyronnaBKHX MaTepnanoB w Mo Ca co3 ) ' KOTOphle 

HOHH3HpyJOTCSI npH HenpepbiBHOM pe)I{HMe pa60TI>I aneK TpOHil 

HOHH38UHH Meaee TyronnaBKHx MaTepnanoB (HanpnMep 1 Zn 

30B8H HMnynbCHhiH pe)I{HM fiHT8HHSI K8TOJl8 IIYUIKU ( JlnHTenb 

} MCeK 1 '18CTOT8 IIOBTOpeHHSI 100 ru), Bo 13peMSI pa60Thl H 

rpy*eHHOM B KonneKTop paoo'leM nemecTBe o6pnaoBht~nnoc 

C JlH8MeTpOM 1 paBHbiM JlHllMeTpy aneKTJlOIIIIOrO ny'IK8, 

B aanbaeAweM nccneaoaa.'!ocb anHSIHHe noTeHuHana KO 

npH fiOCTOSIHHOii MOUlHOCTH ny'IK8 aneKT,JOHOB \\ ~ < \\' k < \\'' 

aa*HraHHSI H ropeHHSI paapRna. PeaynhTllTbl npnneneHbi na 

WHM H3MeHeHHeM DOTeHUUana KonneKTopa B6nH3H v 
KOn 

no 3H8'1HTenbHO BnHS!Tb Hll pa3pS!Jl OT 38)1{Hr8HHSI IlpH V 

JlO ero nor8C8HHSI npll V" "' +50 B, nnSI 38lKHr8HHSI pt 
Kon 

'\'" < V ' He06XOJ]HMO 6btno yaenH'IliB8Tb MOUlHOCTI 
KOn KOn 

nyqxa. 
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I k - TOK c KaTolla, V k - HarrpsoKeHHe KaToa-anoa) rroKaaaHbi Ha 

pnc. 2. Ha npHaeaeHHbiX KpHBbiX xapaKTepHbi aaa aHaqeHH51 MOlllHOCTH Wk. 

nepaoe, W ~ ~ 2 KBT, COOTB9TCTByeT pe3KOMy yBenH'IeHHID CBeqeHH51 

B KaMepe H H3BneKaeMoro HOHHOrO TOK8 1 1 ~ t 'ITO CBHlleTenbCTByeT 

o aa~HraHHH paapHlla a napax paooqero aemecTaa, BTopoe xapaKTepnoe 

3Ha'leHHe MOlllHOCTH W ~'"' 2,6 KBT COOTBeTCTByeT rrepeXOllY B oonaCTb, 

rae llOTOK HOHOB H8 KOnneKTOp CyllleCTBeHHO OOnbrne llOTOKB sneKTpOHOB, 

0llH8KO rry'IOK sneKTpOHOB, KOTOpblH llOCTHraeT KOnneKTopa, 11pOH3BOllHT 

aHa'IHTenbHOe ncnapeHHe paooqero aemecTaa, corrpoRo~an IDiueecH yaennqe-

HHeM H3BneKaeMoro HOHHoro TOKB, MOlllHOCTH W k ·;;: 3 KBT Jln51 JlflHHOrO 

paooqero aemecTaa cooTaeTcTaoaan cKa'IKooopaaHwfi rrepexoa pnapHaa 

B ayroBOH, 

0CHOBHOe BHHMBHHe B HBWHX OllWTBX yaenHnOCb rrony'leHHID HOHOB 

TyrorrnaBKHX MaTepnanoa w Mo Cal:03 ) , KOTDPI>Ie 81jJQJeKTIIBHo 

HOHH3HpyiDTCSI llpH Herrpepb!BHOM pe~nMe pAOOTf,f sneK TpOHHOii llYIIIKH, llnH 

HOHH38UHH MeHee TyronnaBKHX MaTepHanoB ( HBilpllMep, Zn ) OI>In ncrronb-

30B8H HMrrynbCHbllf pe~HM llHTBHHH KBTOllB llyUJKII ( annTenbHOCTb HMilynbCa 

1 MeeK, qacToTa noaTopeHHH 100 ru). Bo apeMH pn6oThl HCTO'IHHKa B aa

rpy>KeHHOM B KonneKTOp paf5oqeM nemeCTBe 00pll30BhiBilnOCb OTBepCTHe 

C l1H8MeTpOM, pBBHhiM llHllMeTpy 8neKTJlOHHOrO ny'IKB, 

B aanbHelfrneM nccneaoaa.'lOCb anHHHHe noTeHunana KonneKTopa V 
KOn 

npn llOCTOSIHHOli MOlllHOCTH llY'IKB MeKT,JOHOB \'\ ~ < W k < \l '~ HB ycnOBHH 

3a>KnraHHSI H ropeHHH pa3pHlla. Peay.'lbTaT&I npl!neaeHbi na pnc. 3, Heoonb-

WHM naMeHeHHeM noTeHunana KonneKTopa a6nnan v 0 B MO~HO Obi-
KOn 

OT 38)1<llr8HHSI llpH V ' 
Kon 

no 3H8'1HTenhHO BnHHTb Hll pa3pS!ll -10 B 

ao ero noracaHHH npu V" 
KDn 

"' +50 B, llnH 38>KHr8HHH pa3pSil18 llpH 

< V ' Heo6xoaHMo 6bino yaenH'IHBBTb MOlllHOCTb sneKTpOHHoro 
Kon Kon 

v 
rryqKa, 
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BTopofi UHKn HaMepeaHfi 6bin aanpasnea aa onpeaeneaHe aapRaosoro 

COCT8B8 HOHOB 1 H3BneK89MbiX H3 HCTO'UiHK8, H 8 pHC, 4 npHseaeH THflH'I-

Hblfi cneKTp HOHOB BOJihtPp8M8 (Henpepb!BHbifi pe>KHM1 W = 2,04 KBT 1 k 

B = 6,5 Krc, I I I= 3 ma ) • ny'lliiHM c TO'IKH apeHHR nony'I9HHR MHOro-

38pRaHbiX HOHOB RBnReTCR pe>KHM 1 B KOTOpOM MOIUHOCTh aneKTpOHHOrO ny'IK8 

H noTeHuHan KonneKTopa yaosneTsopRlOT ycnoBHRM: W ~ < W k < W -~ 

V "' 0 B (eM, pHC, 2 H 3), 
KOn 

B pe>KHMe, npH KoTopoM W k '~ W;: srrnoTh no nepexona s nyro-

son paapRn, ysenHqeaHe cyMMapaoro BbiTRHyToro HOHHoro TOKa III 

o6ycnOBJ19HO pOCTOM B OCHDBHOM OUHO- H UBYX38pRUHbiX HOHOB, PeaynhT8-

Tbl H3MepeaHii: aapgnosoro cocTasa HOHOB paan}II'IHbiX semecTB B aenpepbiB

HOM pe>KHMe npH noTeHuHane KonneKTopa V = 0 s npHseneHbi s Ta6nH-
Kon 

ue. 

110Hbi KanhUHR rrony'leHbi npH HcnapeHHH H HOHH3aUHH Ca CO 8 nocne 

qacosoro nporpesa aneKTpOHHbiM ny'IKOM MO'IlHOCThlO "' 1 KBT, CneKTp 

COCTOHT B OCHOBHOM H3 HOHOB KanhUHR 1 HOHbl npHMecefi (KHCnopon) COCTaB

nRnH ,6% ToKa I 1 I . 

J10Hbl UHHK8 nony'I9Hbl B HMITynhCHOM pe>KHMe: B Ta6nHU9 YK838Hbl 

~. I 
aHa'laHHR k , V k , I 

1 
I B HMrrynhce, 

ToKH HOHOB Mo6+ • Mo 7+ , Ca 5+ , Ca6+ He rrpHBOURTCR 1 T,K, 

OU9HKY HX senH'IHH 38TpyUHR9T ITpHCyTCTBHe B CIT9KTpe HOHOB KHCnopona 

H 830T8, 

06cy>KneHHe peaynhTaTOB 

flpoBe,leHHble IICCn9UOB8HHH ITOK83anH 1 'IT;) ITpH MOIUHOCTRX aneKTpOH-

Horo ITY'IK£1 > 1 KBT H B MnrtUITHbiX rronRX ~1 KrC Cp8BHHTenhHO 

HerKO MO>KHO 08lK9'1L pa3p51Ll B napAX MeTanna, rronynpOBOJlHHKll HnH aHa-

Jl!-!1\ l['HKH, JlH>Ke 9CHII CTeHKH ptt~lfllliiHOH K8!,19pbl SIB.t\liOTCil XOJ10,£1HbiMH 

k 

1-.a 

-I.D+z.O 

1.5 

-fJ'+tO 

Q5 

0 I -• -ill II r +;. .,it, .a, .;. v-j 

+(p 

PHc. 3, BnHRHHe rroTeHuHana KonneKTopa Ha pe>KHM paapgaa 

x- I 1 I , W k = 2,8 KBT, pa6oqee semecTso - sonhtlJpaM, 
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I. a 

-f,l+%.0 

1.5 

-ll5tl0 

Q5 

0 I -• -S. II f .;. ~• ~e. .;. v,.,.l 

+4' 

PHc. 3. BnHHHHe noTeHuHana KonneKTopa Ha pe~HM paapHaa 

x- I 1 I , W k = 2,8 KBT, pa6o'lee eemecTeo - eonb$paM, 

g 

o- I • 
KDn 

B = 4 Krc. 
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3Jie- IK, lleHT 
a 

w 0,85 

Mo 0,88 

Si 0,72 

Ca 0,56 

Zn 11,5 

~ 

K 
~ t-r:::======-----

.:========--· 
~~ 

::=.====-~o 

t 

::a 
3 

.:============--:. 

r 

Ta6JIHita 

I 

" 

3apHJtOBHit COCTaB HOHOB pa3JIHliHWC BenteCTB 

~. 81 liE. TOK HOHOB pa3JIHliHWC 3apH,JJ;HOCTeit ~ 8 %om It·.c. 
Kg I 

IC'lC ma +1 +2 +3 +4 +5 +6 +7 +8 +9 

2,4 6,5 3 37,5 40,5 15 ~,36 1,3 0,32 0,09 0,013 0,006 

2,3 6,5 6 3~,6 ~I,:> IU,6 2,1 0,4 

2,56 4,0 2 71 22 5,9 o;9 0,02 

2,28 4,0 3 3?,6 ?6 I,b 0,09 

0,9 4,u 130 2:>, 4 62,4 10,7 1,2 o,uu u,uu4 
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H BLlOJlb Jl0!10iKIIT€o1bi!OrO rT,jJ1011 pa.3pH.111 cymeCTByeT 3H8tti:T€J1bHblfi rpn

L1H€HT KOHUeHTpnunn nnpoB ;~r":iottero aerrrecTBfl, B 113B.1eKne~toM 113 pn.3-

pS!Ll8 HOHHO~l J1~''tK€ C0.1€[1;nrTCH J:ll!pOK!Iii CJ1€KTp 311pSIJHOCT€H 1 J109T~My 

pn3pfli)OT8HHt.Jii IICTO'tHIIK ~tQ;J(€T IICJ10.1b30I>I1TbCH Ll11SI J10JJ)''I€HI!SI MHOr038-

[)S!LlHI>IX IIOHOB, JJcTO't II!K Hl1l!OOJ1€€ 3{j>rp€TI!B€H Ll11S1 Jl011Y'I€HHSI HOHOB Tyro-

nnaBKIIX MaTepnnnoB. 

fe0!\1€TpiiSI CIICT€~1b! nrpneT Btl/I\H€l!WYIO pOJlb B nna3M€HHbiX HCTO'IHH-

KIIX IIOHOB 0 JlOIICKII OJ1TII~1811bHOfi Ll11SI JlJl83~1€HHO-J1Y'IKOBOrO p83pS!Lla reo

~teTpHII ~10ryT np11B€CTII K CylUeCTB€HHOMy YCOB€p1U€HCTBOB8HHIO liOHHOrO 

liCTO'I~Il!Ka, .ilnH Ll8.'lhHel1wero ycoaepW€HCTBOBaHHH 1 B03MO>KH0 1 
I 

uene-

cooopn3HI·I~t OKfl/KeTCSI BHeoceaoe pacnonoiKeHHe aneKTpoHH~f:! nywKH H Bhi-
~ i 

Hoc ce 3/l npeLI€111>1 \rarHIITHoro nons:~. 

B 3aK11IO'I8Hife aBT;)pbi. BhipaiKa!OT 6naroLiapHOCTb E • .il. Bopo6beBy 

II A.C. flac!OKY 3a JlOCTOSIHHhiil IIHTepec· K paooTe H J10Jl€3Hbl€ OOCYIKL1€HHSI, 
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